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pathway. This difficulty was anticipated by Burnet and his colleagues who blocked the nasal pathway in some of their animals by preliminary application of a ZnS04 spray to the nasal mucosa.) Subsecluenfly, cynomolgus monkeys have been infected a number of times by oral administration of virus (1, 23, 24) and other species a few times: M. irus (mordax) 1 in one of eleven trials (23, 26 ) the green African monkey, Cerco~thecus adhiops s~eus, in one of seventeen (25, 26) . Negative results have been obtained with one capuchin (Cebus faIa~ellus) (25) , one grivet (Cercop//hecus griseo~iridis), (28) , seven vervets, Cerco~ithecus a#ghiops #ygeryJhrus, (27, 28) , two M. sinicus (29, 30) , and two baboons one of which was of the species Pa#io hacn~ryas (27, 31) .
The experimental animal which has proved most susceptible to infection by the gastrointestinal or oral route of virus administration is the chimpanzee. But it was many years before this was appreciated. Landsteiner and Levaditi first attempted such an experiment in 1910 (30) by feeding a chimpanzee 10 cc. of infected monkey cord by stomach tube. The animal remained well and the result was interpreted as negative. However, since it is now known that in chimpanzees infection is often manifested only by a "healthy" carrier state for a period of weeks (33, 34, 35) it is possible that the animal used by Landsteiner and Levaditi did become infected even though it never developed paralysis. Chimpanzees were not used for similar experiments until 1942 when Howe and Bodian induced poliomyelitis in five of five animals using infective human stools as the inoculum, which was administered by simple feeding, by stomach tube, and by lingual and buccal swab (31) . The olfactory tracts of the animals were sectioned before the experiment was begun in order to block the olfactory pathway. Subsequently, a "healthy" carrier state was produced in each of thirteen chimpanzees tested in Baltimore (33) and in eight chimpanzees in New Haven (34, 35) .
The results with chimpanzees are in marked contrast to the experience with rhesus monkeys. In the latter, of the twenty-three reported animals in experiments in which it has been specifically stated that M. mu/a/ta were used for various types of feeding experiments (virus being given by mouth, by stomach tube, and rectal tube) twenty-three negative results have been reported; of these, twenty-two attempts were in young or adult rhesus, while one was in a 3 month old baby rhesus (31) . Leiner and von Wiesner (11) reported a single positive, although it is not entirely certain that the species used was M. mu/a~. In recent unpublished experiments from our laboratory, one young rhesus of eight fed the Y-SK strain developed paralytic poliomyelitis (32); previous experience with feeding this strain of virus to young adult rhesus monkeys had been negative (23) .
Strain~ of Virus.--The experiments of Sabin (1) indicate the possible r61e of virus strain differences in producing infection by the oral route. Six of fifteen cynomolgus monkeys developed paralyses when fed the recently isolated "Per" strain, while none of five cynoraolgus showed signs of disease when fed the Rockefeller MV strain.
Earlier experiments of Clark and his associates (36, 46) and Flexner (5) in which both cynomolgus and rhesus were fed the higMy monkey-adapted MV strain, were also negative. Burnet and his group used recently isolated human strains in their successful feeding experiments (22) , as did Vignec, Trask, and Paul (23) who used early passages of the Y-SK strain. The successful tests in chimpanzees have been with human stool suspensions (31), fly-contaminated food (34) , and the Y-SK strain (35) .
Si~ of Pene~aJ, ion.--In attempting to localize the level of the gastrointestinal tract at which the virus penetrates the intact mucous membrane, Faher, Silverberg, and Dong (24) fed virus ("Per" strain) to cynomolgus in capsules, applied it by lingual swab, and injected it by enema. Positive results were obtained only with the lingual swab technique in one of eighteen trials.
Summary.--Table J summarizes the reported experiments de~ling with the production of poliomyelitis by various oral and gastrointestinal routes. The number of uncontrolled variables in these experiments make it impossible to compare the susceptibility of the different species more directly. Although such a tabulation would make for simplicity and clarity, it would nevertheless be misleading. The table is therefore constructed on chronological lines.
I. The Susceptibility of Infant Rhesus Monkeys to Orally Administered Poliomyelitis Virus
In view of the apparent resistance of young or adult rhesus monkeys to orally administered poliomyelitis virus, the following experiments were planned to test the susceptibility of infant rhesus monkeys to poliomyelitis virus administered orally. An attempt was made to reproduce as far as possible a "natural" mode of infection, and simple virus feeding alone was therefore employed. In order to avoid the possibility of infection by the olfactory pathway, the nasal mucosa of each animal was sprayed vigorously with 1 per cent ZnSO4 on two occasions 2 to 5 days apart, before feeding was begun. This procedure has been shown by Schultz and Gebhardt (37) to block the penetration of virus through the nasal mucosa to the olfactory tract.
Materials and M etheds
Monkeys.--Seven infant rhesus monkeys, M. mu/a~ta, ranging in age from 3½ weeks to approTinmtely 4 months and one young adult rhesus were used (see Table II ). z Duringthe course of the experiments each animal was observed daily for signs of poliomyelitis, and daily temperature records were kept. Those ~nimals developing fever and paralysis were sacrificed early in the disease in the hope of obtaining a maximum yield of virus from the various tissues. Animals showing no signs of disease were observed for 5 to 6 weeks; they were sacrificed at the end of this period, and sections of their olfactory bulbs, brain stem, and cervical, thoracic, and lumbar cords were made for histological examination.
Virus Slrai~.--A variety of strains were used. They included two rodent-adapted strains (Y-SK and Ph), infective human CN'S and stools, and monkey cord infected with recently isolated human strains. Saddington (43) Clark, Roberta, and Preston (46) Flexner ( Admi~h~vag~ of Virm.--Five of the ~,;m, ls were fed virus suspended in a milk formula in ordinary baby nursing bottles with rubber nipples. The formula, bottles, and nipples, were all sterilized before each use. Two An;m~h were fed virus in milk~ drop by drop, from a sterile pipette. In several, the milk feeding was supplemented by virus suspension inoculated into bananas. Some of the stools were fed as crude suspensions; others were first concentrated by ultracentrlfugatlon (38) . The CNS materials were given as 10 to 20 per cent suspensions. The number of feedings varied from one to seventeen per monkey, and the dosages from 6.6 cc. of ultracentrifuged concentrate to 273 cc. of 10 per cent suspension.
(See Table H .)
RESULTS
Two of the seven baby rhesus developed paralytic poliomyelitis a/ter being fed virus.
One animal, Rh. 27-06, developed fever, irritability, and questionable weakness of the legs on the 8th day after feeding was begun, and complete paralysis of the legs on the 9th day (Fig. 1) . The total virus dosage was 53 cc. of a 10 per cent suspension of Ph strain, the last 10 cc. of which were given early on the day symptoms first appeared. Histological sections revealed typical lesions of poliomyelitis in the cervical, thoracic, and lumbar cord, consisting of marked perivascular infiltration and neuronophagia. The olfactory bulbs were negative when examined in serial sections.
The other positive result was obtained with Rh. 27-38. This animal had received a total of 95 cc. of Y-SK strain, consisting of 10 per cent suspension of cotton rat and monkey cord. Feeding was carded out over a period of 12 days (Fig. 1) . Fever, irritability, and ear tremor developed 17 days after feeding was begun, and 6 days after the last dose of virus had been ~dmlnlstered. On the 18th day, the signs were more marked and the legs seemed weak. On the 19th day, the temperature fell and there was no further progression of weakhess. The animal was sacrficed on this day. Histological sections of the medulla, cervical, thoracic, and lnmbar cord revealed typical lesions of poliomyelitis. Serial sections of the olfactory bulbs were negative as were sections of the gasserian ganglia.
A third monkey, Rh. 27-05, had an episode of fever, anorexia, and irritability lasting 3 days which was thought to be compatible with abortive poliomyelitis. This animal had received a total of 73 cc. of crude stool suspension and 8 cc. of ultrscentrifuged concentrate of fecal material. The onset of symptoms was 15 days after virus feeding was begun and 3 days after it had been stopped. Stools collected on the 3rd day of illness and during the subsequent 8 days were pooled, concentrated by ultracentrifugstion, and tested intracerebrally in another rhesus monkey with negative results. Rh. 27-05 was sacrificed 24 days after this mild illness (41 days after the feedings was begun). No lesions were found in three levels of the cord or in the medulla or olfactory bulbs. The other four animals, as well as the control, remained entirely well during the experiment. Two animals (27-31, 27-32) had been given small doses of virus and observed for the usual period for signs of disease. Both remained healthy and after S weeks were fed the same or different strains in large amounts, again with negative results (Table II) .
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H. Distribution of Poliomyelitis Virus in the Tissues of Two Infant Rhesus Monkeys Infected by the Oral Route
Studies on the localization of poliomyelitis virus in the fatal human disease (3-10) and in cynomolgus monkeys infected by the oral route (1, 2) have shown different distribution patterns. While in neither case does the virus seem to be as strictly neurotropic in its location as was once believed, it is more diffusely distributed throughout the tissues of the cynomolgus monkey than in man.
In their series of human autopsies on five bulbar and two spinobulbar types of cases Sabin and Ward (8) found virus primarily in the nervous system, the alimentary tract (including the pharynx), and superficial lymph nodes. The results in less extensive studies of human tissues have been similar (3-7, 9, 10) .
In studies using cynomolgus, Sabin and Ward found that not only these systems, but blood, trachea, liver, spleen, kidney, and bladder also yielded positive tests for virus (1). In the present study, an attempt was made to determine the virus distribution in orally infected rhesus monkeys and to compare it with the pattern found in the human disease and in orally infected cynomolgus monkeys.
Material and Methods Mankey T/ssu~.lThe two infant r/wsus 27-06 and 27-38 which developed paralytic poliomyelitis after being fed large amounts of virus were sacrificed as soon as the diagnosis became clear. The animals were killed under ether anesthesia by bleeding from the heart. Autopsies were performed u~ng sterile technique. Various tissues were removed separately, each with a different set of sterile instruments. The olfactory bulbs were fixed whole in formalin for serial sectioning. The other tissues were frozen on dry ice in individual sterile lusteroid tubes.
TesSsfar Virus.--The testing for virus was carried out in young rhesus monkeys, mice, and cotton rats by intracerebral inoculation of the various tissue extracts. The use of rodents was possible because both animals had been infected with rodent-adapted strains of virus. Lymph nodes, spinal cord, and adrenals were inoculated as 20 per cent suspensions. The rest of the tissues were extracted with H20 and the extracts concentrated by ultracentrffugation (38) . The test monkeys were observed daily for 4 to 6 weeks before being sacrificed for histology, and the negative rodents were discarded at the end of the observation period. Criteria for a positive test were: the development d typical signs of the disease during life with characteristic histological lesions in the monkey, and the development of signs of the disease only in rodents. Passage to other rodents and to monkeys was carried out in some instances.
Results of the Study of Virus Distribution
A summary of the tests for virus is presented in Table III . From Rh. 27-06, fed Ph strain and killed on the 2rid day of its disease, virus was recovered from spinal cord, superficial lymph nodes, buccal mucosa, small intestinal wall, colon contents, heart muscle, spleen, and adrenal glands. Serial sections of the olfactory bulbs showed no lesions. No virus was found in the blood, pharyngeal wall, mesenteric lymph nodes, celiac plexus, liver, kidney, or lungs. The spinal cord was passed successfully to a monkey, mice, and cotton rats. Brain passage of mice and cotton rats paralyzed after receiving suspensions of heart and adrenal gland was carried out in mice, cotton rats, and rhesus monkeys (Fig. 2) . Passage was successful in all instances. That the virus detected in mice was the same as the one fed to Rh. 27-06 (and not one indigenous to mice, viz. Theiler's) was evident from the fact that the mouse passage material retained its monkey pathogenic property.
Rh. 27-38, following the ingestion of the Y-SK strain in large amounts, was killed on the 3rd day after its first symptoms of poliomyelitis. A l t h o u g h extensive lesions were present in the spinal cord and medulla, we were unable to recover virus from any of the tissues of this baby monkey. In addition, stools, collected during the 2nd and 3rd days of virus feeding (14 days before onset of symptoms) were pooled, ultracentrifuged, and tested in rodents. virus was recovered. The spinal cord was tested as a 10 per cent suspension in two monkeys with negative results. The cord suspension was then concentrated by ultracentrifugation and tested in twelve mice, ten cotton rats, and two more monkeys, again with entirely negative results. Ultracentrifuged concentrates of colon contents, colon wall, and small intestinal contents and wall were all negative in monkeys as well as in rodents.
DISCUSSION
It has been demonstrated in these experiments that baby rhesus monkeys can occasionally be infected with poliomyelitis virus by the oral route. In our tests there were two positive results of seven trials. From this small number questions of strain difference~ age of the monkey, and dosage cannot be evaluated in the susceptibility of infant rhesus to orally administered virus. But the enormous doses of virus used to transmit the disease and the failure of some animals to become infected on even larger doses, suggest that even the infant rkesus is relatively resistant to virus administered by this peripheral route. Both of the strains which produced infection are rodent-adapted ones related serologicaUy to the Lansing strain (39) . A variety of human stool and central nervous system strains either as fresh human material or as early monkey passage CNS failed to produce infection. However, the two positive animals were both 3 to 4 weeks old, whereas three of the four negative ones were 2½ to 4 months old, and only one was 4 weeks of age.
The recovery of virus from the tissues of one baby monkey paralyzed after being fed virus, and failure to recover it from another similarly infected is difficult to understand. Both animals were killed early in the course of disease (48 and 72 hours after onset) and both showed extensive spinal cord lesions histologically. Rh; 27-06, whose tissues were positive for virus, was fed infective material the day symptoms first appeared, 24 hours before being sacrificed. Although it is possible that virus isolated from this an~mnl's buccal mucosa, and perhaps the cervical and submental lymph nodes, may have represented the inoculum of virus which had been ingested 24 hours previously, it seems unlikely that this was the whole explanation for the positive tests for virus isolated from the axillary and inguinal nodes, CNS, or other tissues. The animal whose tissues were negative, had not been fed virus for 6 days before onset of symptoms. The failure to recover virus even from the cord of this second animal, despite the relatively short time between onset and autopsy, and the extensive CNS lesions, is perhaps comparable to the occasional negative tests obtained with human cords of patients dying in the acute stage of the disease.
Although it would be unwise to generalize on the anatomical pattern of distribution of virus from one orally infected rhesus monkey, this pattern appears to be less diffuse than that found by Sabin and Ward (1) for the cynomolgus monkey and closer to that reported for the humah disease (see Table IV ).
Yet virus was isolated in the infant rhesus from the heart and adrenais--the latter having been negative in the case of human autopsies and cynomolgus tissues. Heart muscle was not tested in either the human or cy~,wmolgus experiments of Sabin and Ward. The only other visceral organ yielding virus in the infant rhesus tests was the spleen. This was positive in the one cyno-molgus spleen tested by Sabin and Ward and in a pool of lungs, liver, kidney, and spleen in one of their seven trials with human tissues. The fact that the spleen was positive in the baby rhesus in the absence of detectable virus in the blood suggests that the virus was actually in splenic tissue, and the positive result was not due to contamination by virus in the blood. However, the blood of infected rhesus monkeys (40) and in one instance that of a human being (41) have previously been found to contain virus. The negative tests with the celiac plexus and the mesenteric lymph nodes are in line with some of the tesults in the human cases and the cynomolgus. The negative results with the pharyngeal wall and other tissues which might have been expected to be positive, may be attributed in part to the incomplete picture which results when only one animal has been studied.
S~RY
Although rhesus monkeys have been generally regarded as refractory to infection with poliomyelitis virus administered by the oral route, two of seven infant rhesus developed paralytic poliomyelitis when fed murine-adapted strains of virus. Preliminary intranasal treatment with zinc sulfate and negative serial sections of the olfactory bulbs of the positive animals ruled out the possibility that infection occurred by way of the olfactory pathway.
Studies on the distribution of virus in the tissues of the infected animals yielded positive results in one animal only. In this instance, virus was widely distributed throughout the body being isolated from spinal cord, buccal mucosa, duodenal wall, colon contents, superficial lymph nodes, spleen, heart, and adrenals.
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